Implant therapy has become a routine dental treatment modality and, frequently, the first choice to replace missing teeth. The texture of implant surfaces has been improved to expedite osseointegration, but there is some concern that a rough surface to the collar of the implant may introduce the risk of bacterial infection described as peri-implantitis. Periimplantitis and periodontitis are inflammatory diseases with a bacterial etiology, 1 but they differ in the fact that the implant has a complex artificial surface placed in alveolar bone. The treatment of any problem requires an appropriate diagnosis and, if possible, an understanding of the etiology before initiating treatment. The debridement of a complex implant surface that has become infected is a significant challenge. The possibility of regenerating lost bone and reestablishing bone-implant contact without a clean surface is unlikely. In this study, the erbium:yttrium-aluminum-garnet (Er:YAG) laser was used to decontaminate the implant surface. This hard tissue laser has the capability of being absorbed by water molecules, 2, 3 which prevents a rise in temperature 1 Private Practice, Yokohama, Japan; Lecturer, The Japan Institute for Advanced Dental Studies, Tokyo, Japan. 2 Lecturer, The Japan Institute for Advanced Dental Studies, Tokyo, Japan; Private Practice, Osaka, Japan. 3 Director, The Japan Institute for Advanced Dental Studies, Tokyo, Japan.
that might carbonize or cause thermal degeneration to the surrounding tissues. 4 This device causes the least damage with little or no thermal alteration or melting of the titanium surface at a specific energy band. 3, 5 Bacteria on the irradiated surface are eradicated without heat. The device is also reported to be capable of detoxifying lipopolysaccharide (LPS) and improving the healing activity of vital tissues. 6 When treating periimplantitis, it is effective for debridement of the complex body surface, decortification of bone, sterilization of the soft and hard peri-implant tissues, and detoxification of bacterial metabolites. 7 This study demonstrated favorable bone regeneration for patients suffering from peri-implantitis by performing antibacterial therapy based on bacteriologic and immunologic testing followed by debridement and sterilization of the implant surface and peri-implant tissues using Er:YAG laser. This laser also is effective for periodontal resective therapy, scaling, and the removal of bone and cementum. 8 
Method and materials
Two patients with prominent loss of alveolar bone due to peri-implantitis were treated by disinfection with the Er:YAG laser and a bone graft regeneration procedure after diagnosis by radiographic examination. A bacteriologic examination with the polymerase chain reaction (PCR)-invader method was performed to measure the total count of bacteria, the number of each bacterial flora, and the partial ratio of each flora. The following bacterial species were examined: Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, Aggregatibacter actinomycetemcomitans, and Prevotella intermedia. These factors were measured immediately after the periimplantitis diagnosis, after antibacterial therapy, and after surgical therapy. Amoxicillin combined with metronidazole was administered for 4 weeks for the first case, 9 and azithromycin, whose effect lasts a week after 3 continuous days of administration, was taken for 3 days as the antibacterial therapy for the second case. 10 Laser irradiation was followed by sterilization. The authors used Er:YAG laser (Erwin AdvErL, J. Morita) with different types of tips, including the straight-irradiation tip (CF400) for bone penetration, the side-irradiation tip (P400T) for debridement of the implant body, and the straight-and-side irradiation tip (PS600T) to remove the inner marginal epithelium of the gingival sulcus. The output levels were selected from the preset panel and were 150 mJ at 10 pulses per second (pps), 40 mJ at 10 pps, and 70 mJ at 25 pps, respectively. Equal amounts of freeze-dried bone allograft (Oragraft Cortical, LifeNet) and autogenous bone were mixed and soaked with recombinant human plateletderived growth factor BB (Gem 21S, Osteohealth) and were utilized as the bone graft material. A polylactate membrane (GC) was fixed by the cover screw. To evaluate the hard tissue, dental cone beam computed tomography (CBCT; Veraviewepocs 3D, J. Morita) was used. Horizontal and vertical bone defects in the mesiodistal sections were evaluated before regenerative therapy and 9 months and 1.5 years after.
Results

Case 1 (Figs 1 to 7)
A 62-year-old woman received implants in the mandibular right posterior area, then presented after 6 years complaining of an unpleasant sensation at that site. The radiographic diagnosis was peri-implantitis.
The implant (Steri-Oss, Nobel Biocare) had a titanium plasma-sprayed surface. The results of the bacterial testing are listed in Table 1 . There was an excessive ratio of periodontopathic bacterial flora detected; therefore, amoxicillin and metronidazole were administered orally. A panoramic radiograph and CBCT after antibacterial therapy, Er:YAG laser irradiation, and bone grafting revealed bone regeneration to be 4.22 mm horizontally and 7.21 mm vertically 9 months after the regenerative therapy (see Figs 4 and 5) . The patient has been maintaining good condition for 2 years after treatment, and no periodontopathic bacteria have been detected.
Case 2 (Figs 8 to 12)
A 68-year-old woman received three implants in the posterior region of her right maxilla. A panoramic radiograph 3 years later revealed bone absorption and demonstrated periimplantitis. The result of the bacterial testing is presented in Table 2 . A hydroxyapatite-coated implant (Steri-Oss) replaced the first molar because of poor initial fixation. Interestingly, periodontopathic bacterial flora was detected in this site, but not on the machined surface of the hybrid-design implant (Osseotite, Biomet 3i) in the adjacent second premolar site. Regenerative therapy, along with Er:YAG laser irradiation, was performed as described previously following antibacterial therapy. Bony tissue augmentation was identified as 3.19 mm vertically and 0.93 mm horizontally (see Fig 11) . The patient was in good condition 2 years after treatment, with no evidence of periodontal bacteria detected during the maintenance phase. The prognosis was considered to be favorable.
Discussion
The history of the diagnostic criteria of implant complications reflects the history of success criteria for implant therapy. The 1978 National Institutes of Health Development Conference at Harvard recognized several criteria that are not applicable for osseointegration, eg, mobility of less than 1 mm and vertical bone resorption up to one-third of the implant length. Albrektsson introduced the criteria of success that are still applicable today.
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At present, the success criteria resolved at the Toronto Conference on Osseointegration in 1998 are adopted as the standard. Namely, vertical bone resorption of less than 0.2 mm per year after the implant is in function is acceptable. Infection and bone loss at the osseointegrated interface fails to accomplish this criterion. The fact that the bacterial species detected around implant sites are similar to those found around natural teeth [13] [14] [15] and that periodontal pathogenic bacterial species are often detected on a failed implant surface suggests that peri-implant infection is similar to periodontitis. [16] [17] [18] It is very important to reduce or eliminate periodontal pathogens when treating periodontal disease if a bacterial test reveals an excessive bacterial count. It is rational to suggest that no implant should be placed before completing definitive periodontal treatment. 19 Like periodontal treatment, the treatment of peri-implantitis requires eliminating probing depths, bleeding on probing, and exudate. In the past, probing depth at implants was not considered an important parameter; however, at present it is considered to be a necessary measure to detect infection or attachment loss. Lang et al accumulated these findings and summarized them in Cumulative Interceptive Supportive Therapy, 20 which is considered to be the current guideline for periimplantitis treatment. The count of each type of bacterial flora and its ratio to total bacterial count, as well as other physical conditions of the patient, must be considered before antibacterial therapy is initiated. Oral antibacterial medication should be based on the recommendations of the American Academy of Periodontology, 9 and the difficulty of decontaminating the rough microstructure of contemporary implants must be recognized. It is no easy task to expose and clean the surface of a deep infrabony defect on a natural tooth, even with the possibility of the exposed dentinal tubules absorbing topical antibiotics. Once infection has resulted in peri-implant tissue destruction, it never heals spontaneously, and advanced peri-implantitis can lead to the need to remove the implant. At this point in time, the authors consider the Er:YAG laser to be the ideal tool for addressing this situation. The Er:YAG laser has a high energy absorption rate by water molecules with minimum temperature increase, which leads to effective sterilization of the irradiated surface with less carbonization 21 and less damage to the titanium surface. 5 Because of these merits, the authors suggest the Er:YAG laser as the first choice for debridement of the implant surface. The conventional air ablation method may perform effective debridement; however, it scatters microscopic granules that may penetrate and reside in the soft tissue. In addition to avoiding the latter issue, the Er:YAG laser detoxifies LPS 5, 6, 22 and can accelerate the wound healing mechanism 8, 23 compared with the conventional method. Phototherapy, including laser therapy, does not require direct contact with the target, so it can irradiate in various directions, which is very effective in light of the complicated structure of the implant threads.
Conclusions
The recommended composite approach to peri-implantitis should be initiated with bacterial identification leading to antibiotic treatment. When bone-implant contact has been compromised, resulting in bone loss, the complex rough surfaces of implants are difficult to decontaminate. Irradiation by Er:YAG laser is proposed as the appropriate approach to cleansing the implant surface and preparing it for regenerative procedures.
